The subject under discussion may conveniently be dealt with under two main headings: (1) Intracranial pressure, what this implies and what the factors are which are responsible for its maintenance and variability; and (2) its clinical and pathological importance, considering these two features together because they appear to be closely inter-related.
Mr. Lambert Rogers: The subject under discussion may conveniently be dealt with under two main headings: (1) Intracranial pressure, what this implies and what the factors are which are responsible for its maintenance and variability; and (2) its clinical and pathological importance, considering these two features together because they appear to be closely inter-related.
I would suggest a definition of intracranial pressure as the thrust per unit area exerted upon the inner surface of the cranial dura mater, or alternatively, as the stress set up in each unit area of the endocranial layer of the dura mater. Although we have no means in clinical practice of directly measuring this thrust, it is conceivable that there must be an optimum value for the healthy individual, and we may forthwith consider what are the factors responsible for maintaining this and bringing about variations in it. The thrust upon the inner surface of the dura is the resultant of a number of forces the maximum of which on the positive side is the systolic blood-pressure in the main arteries entering the skull, while on the opposing side is, among other forces, the elasticity of the dura mater itself, a not altogether insignificant factor, as can be seen by the surgeon when carrying out extradural explorations in any of the cranial fosse, becausewhen detached from the bone in cases in which the intracranial pressure is normal or below this, the dura has a surprising but none the less definite tendency to close down on its contents to a slight extent. Now, other than blood-vessels, the chief intracranial contents are (a) brain substance, and (b) intracranial fluids. Of these, brain substance is so compressible that any increase in the transmitted pressure on the inner surface of the dura resulting from even a relatively large increase of cerebral substance, whether normal or neoplastic, must be only slight, unless extremes of volumetric increase are reached but, since water is incompressible, a relatively slight increase in the amount of cerebrospinal fluid within the skull must materially increase the intradural pressure. If the dura contained nothing but blood-vessels and brain substance at atmospheric pressure, the intracranial pressure would be considerably less than the systolic pressure in the circle of Willis, because of the loss in transmission tbrough the substance of the brain, brought about by the compression of this to the limits of its elasticity. If, however, the dura contained nothing but blood-vessels and water, e.g. cerebrospinal fluid, introduced at atmospheric pressure, the intracranial pressure would be approximately equal to that in the circle of Willis because, owing to the incompressibility of water, this pressure would be transmitted directly to the dura. Figures 1 and 2 , p. 30, may make this clear. It would appear therefore, that because of its incompressibility, the all-important factor in producing an increase in the intracranial pressure is an increase in the quantity of watery fluid within the skull and it follows that efforts to prevent increased intracranial pressure will probably, with advantage, be directed towards preventing an increase in the quantity of the intracranial cerebrospinal fluid.
Although on the positive side the maximum force contributing to the production of the resultant which we term intracranial pressure, is the systolic blood-pressure in the internal carotid and the vertebral arteries, the resultant pressure is affected less by small variations in systolic blood-pressure than by slight changes in venous pressure, which rapidly bring about an alteration in the quantity of intracranial fluid as represented by cerebrospinal fluid and the intracranial blood content. The effect of an increase of venous pressure is readily demonstrable by slightly compressing the jugular bulbs when a needle connected to a manometer is present in the cisterna magna or in the lumbar pond of cerebrospinal fluid. As soon as the compression begins, an immediate and rapid rise in pressure is indicated by the manometer.
Since changes in posture produce appreciable alteration in the state of the intracranial venous pressure, these also affect the state of the intracranial pressure. This can be readily observed by noting the condition of a bone defect in the skull of an otherwise normal subject (e.g. a defect which has been made when dealing with a cranial injury such as a compound comminuted fracture of figure 1 the pressure in the artery, a, transmitted to the spongy suibstance with whicb the box is filled, will mostly be expended in compressing the spongy substance to the limits of its elasticity so that the pressure at the point x will be distinctly lower than that in the artery a. In figure 2 , however, since the box is filled with water which is incompressible, the pressure at the, point x' will be approximately equal to that in al, there being practically no loss in transmission. the vault). When the subject of such a cranial defect changes from a lying to a sitting position the soft parts at the bottom of the opening in the skull become increasingly more concave and depressed.
Let us now briefly consider the clinical and pathological importance of this view of intracranial pressure which regards as ill-important the quantity of intracranial fluid. It is well known that the rise in pressure produced by an intracranial tumour is by no means proportional to the size of the tumour, and from the explanation that has been put forward, it can be seen why this is so, since it is not the mass of the tumour which is so important in causing a rise in pressure, but an increase in the quantity of cerebrospinal fluid associated with its presence. It is well known that a large tumour in the frontal region may produce very little rise in intracranial tension, whereas a comparatively small sub-tentorial tumour, by bringing about an Section of Neurology increase in the quantity of intracranial cerebrospinal fluid, may raise the pressure considerably.
It is not proposed to deal with the question of just how the increase of fluid is brought about. It may be due to increased production by the choroid plexuses, to an obstruction to its flow, or to deficient absorption because of a depression of the functional activity of the arachnoid villi, but the all-important point is that an increase in the fluid necessitates an increase in intracranial pressure.
It is known that volatile anesthetics increase intracranial pressure. This can be demonstrated when a patient with a bone defect in the skull is given an anaesthetic. With ether particularly, the soft parts herniate through the opening in the bone. The pressure also rises during sleep. In each of these instances the rise would appear to be due to an increase either in the quantity of cerebrospinal fluid or of the intracranial blood content, brought about as a result of venous congestion. With this explanation, the rise during sleep, when physiological activity as a whole is slowed and the heart and respiratory rates and the systolic bloodpressure fall, is not so curious as at first sight it may appear. The rise during sleep is no doubt the explanation of the fact that the headache of intracranial tumour is worse on waking than at any other time during the day.
I have referred to an optimum value for the intracranial pressure of the healthy subject. In the upright posture this pressure is somewhere in the region of, or a little below, atmospheric, as can be seen when cisternal puncture is performed with the patient sitting in a chair. The importance of posture has already been indicated. Departures from the optimum pressure, whether on the positive or negative side, and particularly rapid departures therefrom, are manifest clinically by headache.
Because the normal intracranial pressure in the erect position is at-or even a little below-atmospheric, and because the skull is a rigid container, gro)ss defects in the skull itself must at all times keep the intracranial contents at a minimum of atmospheric pressure. Such a condition arising from a relatively large bone defect in the skull appears to be non-physiological and to produce symptoms apart altogether from any manifestations of psychic origin dependent upon the knowledge of the bone defect. It appears reasonable to assume that such symptoms as headache, nausea and feelings of pressure and insecurity, which have been noted in these cases, particularly during and following changes in posture, may arise from the mechanical interference with the conditions necessary for maintaining an optimum intracranial pressure.
For these reasons I believe it is correct procedure to close, preferably by bonegrafting, large cranial defects such as may have been produced by extensive injuries.
It is interesting to turn to the past and notice a record of some experiments performed before the middle of the last century, by Dr. Kellie, of Leith, and reported in a monograph on " Injuries of the Head affecting the Brain," written by G. J. Guthrie, F.R.S. [1] , and published in 1842. Guthrie states: " Dr. Kellie, of Leith, bled animals to death under various circumstances; and he found that though all the other organs of the body were blanched and emptied of their blood, the brain in these cases presented its ordinary appearance; or even seemed to contain more blood in its superficial vessels than usual. In one instance, he describes the sinuses as being loaded with dark blood, and the vessels of the pia mater as being delicately filled with florid blood. In another, the sinuses were charged with blood, the veins of the pia mater were filled, and the choroid plexuses remarkably turgid. In a very few cases only did he remark that the vessels of the brain contained sensibly less red blood than in others; and in all of these few, some serous effusion was observed. Having satisfied himself by repeated trials upon these points he varied the experiment. He first made a small opening in the skull by means of the trephine, and then bled the animals until they died; and in all these cases he found that the brain was as completely drained of red blood as any other part of the body." 31 829 830 
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The results of these old experiments would appear to emphasize tne importance of the skull as a closed cavity.
Before considering further the clinical and pathological importance of intracranial pressure, it may be helpful to turn to certain historical aspects, particularly in regard to experimental work. In his " Lectures on Surgery," published in 1824, Sir Astley Cooper [2] states " I tried the following experiment: I applied the trephine to the cranium of a large dog and took out a portion of bone. I then with the handle of a knife separated the dura mater from the bone; for I found that I could make no impression on the brain until I had done so, and ther. pressed upon it with my finger. At first the animal did not seem to feel it; but upon pressing more deeply it produced pain and irritation, and he endeavoured to avoid it. Upon still increasing the pressure he became comatose and sunk on the table. I kept him in this state for five or six minutes, when upon removing my finger he got up, turned round two or three times from giddiness, and walked away apparently little worse for the operation.
A gentleman who felt the animal's pulse during the continuance of the experiment, stated that it became slower as the pressure was increased."
In 1878, Duret [3] injected wax into the cranial cavity of a dog; respirations ceased. He then incised the occipito-atlantal ligament and opened the cisterna magna. cerebrospinal fluid was ejected with much force and the dog began to breathe again. Two years later, Von Bergmann [4] repeated and confirmed Duret's wax experiment, and also observed the result of compressing a sacral meningocele in a child. The child, at first restless, passed into a deep sleep, while with further compression the respirations at first slowed and became irregular, and the pulse dropped from 120 to 40. Finally a temporary arrest of respiration took place.
Some of the most carefully performed and most complete of the great mass of experimental work dealing with raised intracranial pressure, appears to be that carried out by Sir Victor Horsley and Walter Spencer [5] , who in 1892 reported to the Royal Society that: " All the experiments show so clearly that a diminished activity of the nmedulla occurs as a definite sequence of events contemporaneously witb increase in intracranial pressure, that we regard this fundamental fact to be established." They further stated: " Our experiments have an important general bearing, in that they show how the three ' centres ' regulating the heart rate, the blood-pressure, and the respiration can be impeded or arrested, either together or almost separately." It is not proposed to discuss the precise mechanism whereby failure of the medullary centres under the influence of rising intracranial pressure comes about, but it is of clinical significance that the respiratory centre is more vulnerable to pressure than the cardiac centre. Forty years ago, Horsley [6] drew attention to this in a paper," On the Mode of Death in Cerebral Compression, and its Prevention," and gave it as his opinion that when in cases of intracranial pressure apparent death results, artificial respiration should be immediately performed, and the skull opened freely at once.
It is surprising how well the heart beats are maintained in certain cases of rising intracranial pressure in which respiratory failure has occurred. This clinical phenomenon of a slow, full and strong pulse, with complete failure of respiration, appears to be particularly associated with space-occupying lesions in the posterior cranial fossa, and I have noted its occurrence in cases of haemorrhage, abscess and tumours situated in this fossa [7] . The logical treatment for the condition is an emergency craniotomy performed upon the posterior fossa, so as to produce a medullary decompression. In a recent case in which this dissociated bulbar failure had occurred and the patient lost consciousness, an emergency operation of this character, carried out without aneesthesia, resulted in her restoration, but I have been able to collect records of a number of cases in which artificial respiration, but no decompression operation, has been carried out for many hours until those in attendance having at last become exhausted, the respiratory movements have been allowed to lapse and the patient has succumbed.
A further instance of the clinical importance of raised intracranial pressure may be cited. Raised pressure produces a relative deficiency of the intracranial vascular circulation, which as soon as the pressure is lowered is rapidly restored. This must be remembered when operating under general antnsthesia on cases of raised pressure, because any sudden lowering of intracranial pressure, whether by ventricular tap or by opening the dura mater, permits a sudden increase in the blood supply to the bulbar centres, and if not guarded against by previously withholding the anaesthetic this increased blood supply may carry with it an overdose of the particular anaesthetic in use and result in the sudden death of the patient.
Finally, I would draw attention to a still further example of the clinical importance of increased intracranial pressure. Operations performed upon cases in which this is much raised carry with them an appreciable risk; if, however, the tension can be lowered before operation, kept lowered throughout the operation and subsequently maintained at a normal level, this risk is very much lessened. Cases in which the intracranial pressure is normal or slightly lowered offer very little risk, and the operative mortality from such procedures as retrogasserian neurotomy, operations for pituitary tumour when the intracranial pressure is normal, and exploratory craniotomies of all kinds in the presence of normal or lowered tension is lowprobably in the region of 1%.
If, following upon the considerations I have placed before you, my contention is correct that the all-important factor in raising the intracranial pressure is increase of intracranial fluid, then it would seem desirable to guard against increase of fluid, especially in cases such as those of intracranial tumour where the initial pressure has already been elevated. For this reason it has for some time been, and is now, my constant practice to drain for a short time most cases of intracranial tumour upon which I operate. Despite any apparent travesty of the principles of neurological surgery as interpreted by the American school of neuro-surgeons, I have found that since adopting drainage there have been fewer post-operative complications, and I have seenno ill-effects, but instead, a quieter and more comfortable convalescence.
In most cases the drain is removed in forty-eight hours.
In order to reduce the amount of intracranial cerebrospinal fluid, dehydrators are particularly valuable in cases of raised intracranial pressure, but I believe that gradual and persistent dehydration is preferable to the relatively rapid dehydration which follows the intravenous administration of sugar and saline solutions. A steady lowering of tension can be maintained by the slow administration per rectum, at four or six-hourly intervals, of six ounces of a thirty per cent. solution of magnesium sulphate. For some time we have practised this in the surgical unit at Cardiff in two classes of case, namely, cases of intracranial tumour or abscess, previous to operation; and cases of head injury. In late cases of abscess or tumour, in which through a prolonged state of excessively increased intracranial pressure the patient's condition is poor, it is frequently surprisingbow much improvement in the general condition takes place in the twenty-four hours following the administration of magnesium sulphate per rectum, and I have known comatose patients, who have appeared to be very bad surgical risks, regain consciousness and improve to such an extent that they have subsequently stood operation well.
Secondly, I have employed this treatment as a routine in all cases of head injury sufficiently severe to necessitate the patient's admission to hospital. The use of dehydration as a routine in cases of head injury has been criticized, largely on the grounds that a sudden lowering of tension may initiate a haemorrhage or cause bleeding which has ceased to recommence, and also because in certain clinical phases after head injury the cerebrospinal fluid pressure estimated by lumbar puncture is found to be low. The employment of the rectal solution, however, produces such a gradual reduction of pressure, that it appears most unlikely that this can bring about intracranial hasmorrhage, and since an immediate after-effect of cerebral injuryas of injury to soft parts elsewhere in the body-is a reactionary oedema, the gradual withdrawal of fluid would appear to be desirable. This reactionary aedema appears to take place gradually and to depend in degree and extent upon the severity of the injury. The gradually produced, but persistent, dehydration which the repeated rectal administration brings about would appear to assist reparative changes by gradually withdrawing fluid and thereby lowering pressure, thus allowing a certain amount of actual swelling of the brain to occur. The process is comparable with the incision of the tunica albuginea to allow swelling of the testis to take place after a testicular injury. This decompression or permitted expansion enables reparative processes to take place and saves the testicular parenchyma. If the tunica albuginea is not incised swelling is prevented by this fibrous capsule and testicular atrophy is the -result. If fluid is not withdrawn from the skull, cerebral swelling is prevented and a certain degree of pressure atrophy is liable to occur subsequently.
In conclusion I would summarize the main points that have been put forward in this paper as follows: (1) A definition of intracranial pressure; (2) the importance of an increase in intracranial fluid in causing rises in pressure and the reason for this;
(3) the desirability of closing large cranial defects because of their interference with the optimum state of intracranial pressure, particularly during changes of posture; (4) the desirability of dehydration before operation on cases of raised intracranial pressuire and of drainage afterwards: (5) the desirability of slow continuous dehydration in cases of head injury.
Dr. W. Ritchie Russell: Changes in intracranial pressure are of obvious importance in the study of the effects of head injury, both in the acute and in the later stages. I propose to refer only to conditions which cause changes in intracranial pressure during the acute stage.
Cerebral cedema is well known to be a frequent concomitant of severe cases of head injury. This cedema of the brain produces increased intracranial pressure, so that the brain bulges outwards if exposed at operation. Raised readings may be obtained if the pressure of the cerebrospinal fluid is measured, but these pressure readings are in no way proportional to the degree of unconsciousness present [2] .
The pulse-rate provides some indication of changes in intracranial pressure, and it seems reasonable to conclude that the slowing of the pulse-rate, which commonly occurs for a period of a few days following severe injuries, is due to some increase of pressure. In fig. I the charts of ten severe but otherwise unselected cases of fracture of the skull have been averaged and recorded in a single chart. Individual cases may, of course, show a degree of slowing of pulse-rate which is considerably more marked than is seen in this graph. This may be prominent even after full recovery of consciousness as in the following case:
Mrs. L., aged 22, was thrown from the pillion seat of a motor cycle on 30.7.32.
She was able to talk a few minutes after the accident, but only became fully conscious twelve hours later. There was a bruise in the right parietal region, bleeding from the right ear, and fracture of the middle fossa was demonstrated by X-ray examination. Slowing of the pulse- rate was marked from the fourth to the eleventh day after admission ( fig. 2 ), but during this period the patient was fully conscious and felt well. She complained of numerous dreams during the night, but there was no headache. Slight swelling of the optic discs was present ten days after admission. Recovery thereafter was uneventful and she was quite well eighteen months later. Further, it is important to note that dangerous compression of the brain occurs, not infrequently, without the pulse-rate being unduly slow. The unexpectedly rapid pulse-rate in these cases may be due to associated cerebral contusion or to un suspected injuries of other parts of the body, both of which cause acceleration of c r n 1 1 rl the pulse-rate. Thus a pulse-rate of about 80 per minute may be observed when cerebral compression has reached a critical stage. The following case is instructive from this point of view.
Mrs. R., aged 57, fell downstairs while under the influence of alcohol. Information concerning the degree of subsequent recovery was unreliable, but she was reported to have become unconscious some hours after the accident and was then brought to hospital. When seen twenty hours after the injury, the patient was deeply comatose. The pupils were inactive to light, and the corneal reflex was absent. The skin, however, was warm and dry, and the pulse-wave was strong, the rate being 80 per minute. The respiration rate was 30 per minute, and the temperature was 102'2°F. There was a bruise over the left mastoid and some bleeding from the nose, but none from the ears. Weakness of one side was not demonstrable, but the tendon reflexes were more marked on the right side; the plantar reflex on the same side was extensor, but on the left was flexor. The cerebrospinal fluid was uniformly blood-stained, and its pressure was 350 mm. of water.
In view of the high temperature and rapid respirations and of the fact that there was no slowing of the pulse-rate, it was considered that gross contusion of the brain must be present and that no operation could help. Death occurred a few hours later, about twenty-four hours after the accident. Considerable contre-coup bruising of the right hemisphere was found at post-mortem examination, but there was also massive extra-dural hemorrhage below an extensive fracture of the left side of the middle anid posterior fossEe of the skull.
This case might have been relieved by operation, but it presented a difficult problem owing to the lack of reliable information with regard to the degree of recovery of consciousness which occurred following the injury. There are, however, some features of the case which perhaps should have indicated that cerebral compression was the main factor. The strong pulse and the warm dry skin are, I think, important in this connection. Patients dying from cerebral contusion without associated compression by hemorrhage have, in my experience, a pulse which is feeble and rapid, and the skin is often moist and cold. Further, in such cases I have found the cerebrospinal fluid pressure to be low, whereas in this case it was raised.
In recent years there has been a tendency to consider that cedema of the brain is a critical complication in cases of bead injury, and, further, that it leads to those changes in intracranial physiology which cause post-conoussional disturbances. On account of this view a line of treatment has developed which aims at removing any cedema which may be present. Frequent spinal drainage, the intravenous injection of hypertonic solutions, and the supporting of the patient in a sitting posture are among the methods now used as a routine in many clinics. My own experience suggests that, in the absence of compression by hmmorrhage, the mode of death of cases of head injury does not in any way indicate that increase of pressure is an important factor. An increasingly rapid respiration and pulse-rate is the rule, and this in itself gives sufficient indication that increase of pressure is not an important factor in causing the fatal result. My own view is that cerebral cedema in itself rarely, if ever, causes a dangerous increase of intracranial pressure.
Is it possible that the cerebral cedema which occurs has a beneficial action in promoting recovery or in preventing complications? The increase of intracranial pressure which it causes can have little effect in controlling gross arterial haemorrhage, such as may occur in the epidural space, but it must have a great effect in limiting subdural venous haemorrhage. The intracranial pressure is normally greater than the pressure in the cerebral sinuses, and when the former is increased by cedema of the brain, it seems reasonable to suppose that this increase of pressure will arrest venous hmorrhage into the subdural space. With regard to the contention that cerebral cedema in the acute stage leads to the development of post-concussional symptoms, recent experimental work by Rand and Courville [1] does not confirm the view that cerebral cedema leads to excessive glial reaction. I have recently examined a series of 200 cases of head injury at an interval of eighteen months after discharge from hospital, and only 3-5% of the 200 cases had developed epilepsy, although in none of the cases was intensive dehydration carried out. Further, in this series there were 24 patients who were working men and women under the age of 40, and whose injury had been so severe as to cause loss of consciousness for a period of over three days. Of these 24 severely injured patients, 18 returned to full work within six months of their accident.
Cerebral cedema must have been present in many, if not all, of these cases during the acute stage, yet the highly satisfactory recovery-rate does not suggest that it had a damaging effect on the ultimate prognosis.
Therefore, in the absence of any definibe evidence that cerebral osdema is harmful in itself, and particularly in view of its action in preventing venous hmmorrhage, it is reasonable to conclude that the use of vigorous methods of reducing intracranial pressure should be avoided, if possible, during the acute stage.
I propose now to refer further to the type of case in which the symptoms and signs of progressive increase of intracranial pressure give cause for anxiety. In such cases increasing depth of unconsciousness and slowing of the pulse-rate are the main causes for alarm. Slowing of the pulse-rate is not in itself an alarming sign, but when it is associated with increasing depth of unconsciousness it becomes a very significant sign of increasing intracranial pressure. For this reason an accurate estimate of the degree of unconsciousness should be made at the earliest opportunity in the management of a case of head iniury, so that subsequent changes in the degree of consciousness may be recognized. Careful inquiry for any temporary recovery of consciousness following the injury assumes importance in this connexion. Moderate increases in the degree of unconsciousness do not, however, necessarily indicate serious compression of the brain. I have for example, from a series of 450 cases of head injury personally examined in the acute stage, records of eleven patients who remained fully conscious for a short interval after the injury, but who subsequently passed into a state of confusion for a varying period before recovery of consciousness again occurred. Delayed or continuing subarachnoid hmemorrhage somnaetimes causes loss of consciousness after an interval of partial, or apparently complete, recovery. The clinical picture which is thus produced may be mistaken for that due to meningitis, because of the accompanying rise of temperature, headache and neck rigidity. The following case illustrates the condition. D. R., a male, aged 49, fell off a ladder on 18.10.33. He was deeply comatose when admitted to hospital. Two days later he was able to answer questions sensibly, but was slightly dazed, and complained of headache. Two days after this there was a sharp rise of temperature, and the patient became restless and confused. The neck muscles were then found to be very rigid, and Kernig's sign was present. Lumbar puncture showed deeply blood-stained fluid, which contained 800,000 R.B.C. per c.mm. and 8,000 W.B.C. per c.mm.
On the day following the temperature had returned ta normal and the patient was much more conscious. On this day the cerebrospinal fluid contained 130,000 R.B.C. per c mm. and 1,400 W.B.C. per c.mm. Recovery thereafter was uneventful.
Delayed subarachnoid hremorrhage may occur at a longer interval after the injury. Thus a youth aged 17, five weeks after having apparently recovered from a moderately severe head injury, felt a sudden severe pain in the head and rapidly lost consciousness. After admission to hospital, the cerebrospinal fluid was found to contain a large quantity of blood. He recovered rapidly and returned to heavy manual work five weeks after the haemorrhage. He was in good health when examined twenty-one months later.
In the great majority of cases showing progressive increase of pressure, some evidence develops of hemiparesis owing to the compression of one hemisphere bv htnmorrhage. If, in these cases of progressive increase of intracranial pressure, the weakness develops on the side opposite to that on which the skull was injured, then extradural ha3morrhage is the probable cause. There is, however. a, Jossihility of MAY-NEUR. 2 * intracerebral haemorrhage developing below the site of injury to the skull, and for this reason the surgeon will usually prefer to turn down a bone flap and to open the dura, provided there is no risk of infection from a damaged scalp.
When the side on which the skull has been damaged is obvious, and the hemiparesis develops on the same side of the body, this is probably caused by a contre-coup injury with hemorrhage spreading into, or compressing, the hemisphere opposite to the site of the injury. The tearing of pia-arachnoidal vessels is a striking feature of contre-coup injury [21, and the resulting haemorrhage may gradually compress or destroy brain tissue in the neighbourhood. This type of case is not common, but it provides a promising field for surgery.
The following case illustrates this type.
J. S., male, aged 19, was involved in a motor-cycle smash, on 24.9.33. On admission to hospital the same evening he was sufficiently conscious to give his name correctly. 'When examined the following morning, however, he was deeply comatose. The pupils were immobile to light, and the corneal reflexes were absent. The pulse-rate was 70; the respiration rate 20, and the temperature 99°F. There was gross bruising of the scalp in the left frontal and parietal regions, and there was flaccid paralysis of the upper and lower extremity of the same (left) side. It was decided to explore the right side of the brain, but there were a few hours of unavoidable delay, and death occurred at the beginning of the operation. Post-mortem examination showed considerable extradural heemorrhage below a fracture of the left middle and anterior fossa. On the right side, however, there was a hfemorrhage actually within the Sylvian fissure (see fig. 3 ) which was presumably the cause of the left hemiplegia. This hemorrhage, which was hidden within the fissure, was not apparent until the brain had been sectioned. Contre-coup hemorrhages are usually, however, clearly visible on the surface of the brain.
In conclusion, I should like again to emphasize that progressive cerebral compression after head injury may be difficult to diagnose if the patient is not fully investigated before becoming comatose. Hence the importance, in all cases, of estimating at the first opportunity the degree of unconsciousness and the presence or-absence of hemiparesis. Only by -so doing can the -subsequent aevelopment of comiipression by hmmorrhage be accurately recognized at a fairly early stage.
I am greatly indebted to the surgical staff of the Edinburgh Royal Infirmary for permission to study the cases of head injury admitted to their wards. The work has been carried out under the auspices of the Statistical Research Department, with the aid of a personal grant from the Medical Research Council.
Dr. G. W. Pickering: In considering the relationship between intracranial pressure and headache, I shall begin by describing briefly some experiments already published by Dr. Hess and myself ' on the histamine headache. A bilateral throbbing headache begins about a minute after the intravenous injection of 0-1 mgm. histamine acid phosphate, and lasts about six minutes. We were able to show that the pain is due to a disturbance occurring in the cranial cavity in territory innervated by the fifth cranial nerve. Because the ache is greatly increased by shaking the head, we concluded that it arose from the meninges, and probably from the dura mater, since anatomical evidence suggests that this is the only meningeal structure supplied by the trigeminal nerve. It is M ell known that the chief action of histamine in man is on the blood-vessels, and the onset of headache is closely related to the vascular events. Histamine produces a fall of blood-pressure and a rise of intracranial pressure which is due to cerebral vasodilatation; headache begins when the blood-pressure has recovered from its fall and when the intracranial pressure is falling from its highest value; it persists when these pressures are normal. The intensity of a developed headache may be modified in two ways. Firstly, a rise of iuitracranial pressure, produced in a variety of ways, relieves the pain; secondly, a rise of arterial pressure increases the headache and a fall relieves it. It thus seems probable that the pain is due to s,retch-illg of a sensitive structure lying close to the meningeal arteries, since it is relieved by a rise of pressure outside these vessels or by a fall within them. Histamine could conceivably produce such a stretching, either by widening the meningeal arteries or by producing cedema of the meninges. Turning now to pathological headache, the task is more difficult, because there are few facts from which to draw conclusions. It is known that headache is the presenting symptom in a number of diseases in which the intracranial pressure becomes raised, and the most prevalent theory of headache of intracranial origin is that the pain is due to strekehing of the parietal dura mater by the raised tension underneath it. In cerebral tumour .we know that the intracranial pressure is usually raised, and that some headaches are relieved by the administration of hypertonic solutions which lower intracranial pressure; we also know that headache commonly disappears after operation for decompression. What we do not know is whether in any one individual the intracranial pressure is higher when there is headache than when there is not; and the frequent precipitation of headache by removing cerebrospinal fluid at lumbar puncture makes it extremely doubtful to my mind whether raised pressure is the cause of pain. It must be remembered that the presence of the tumour is associated with other abnormalities in the cranial cavity and one or other of these may conceivably cause pain.
In meningitis I have made a few observations not previously reported. If, when headache is present, a few c.c. of cerebrospinal fluid are removed, the pain is relieved, but further withdrawal of fluid increases the pain. Injection of normal saline also increases the pain. There seems to be an optimal pressure (which is within the normal limits of cerebrospinal fluid pressure) at which pain is least; pressures above or below this point increase the pain, but at no point does the headache entirelv disappear. The pain of meningitis may possibly be due to a stimulation by the inflammatory process of pain-nerve-endings in the meninges; pressures of cerebrospinal fluid that are either abnormally high or abnormally low may add an additional mechanical deformation of the meninges and so increase the pain.
In high arterial blood-pressure the cerebrospinal fluid pressure may be raised, but headache also occurs in patients in whom the pressure is within normal limits. In each of two patients with raised cerebrospinal fluid pressure I found that the pressures were the same wheni headache was present as when it was absent, and in both patients the headaches were increased by lumbar puncture.
To sum up: it seems doubtful whether headache of intracranial origin is ever due to a simple rise of intracranial pressure. It seems to me that the cause of the the pain is more probably to be found in some dislocation of the meninges, in an inflammatory condition of the meninges, or in a disturbance of the vasculature.
Finally, in thinking of possible sources of headache, one tends to restrict one's attention to structures that are known to be sensitive. The subject of intracranial sensitivity to pain is in urgent need of careful investigation and is one that would repay the attention of the cranial surgeon.
